very year, in July, a new set of interns who were medical students the day before, Junior residents who were interns, and Senior residents who were Juniors start their rotation on the trauma service. They learn to resuscitate, repair operatively, and manage the often complex issues of the multisystem trauma patient, at times with no experience and varying levels of knowledge. Although the majority of their learning is directly supervised, they do work independently on many tasks, and the potential for errors to occur is always present. The term "July Phenomenon" refers to that propensity for increased errors to occur with these new housestaff, in their new roles, with their new responsibilities. The purpose of this study was to examine the impact of the new residents presenting in July at a high volume Level I Academic Trauma Center. Specifically, mortality and preventable complications were compared between the patients treated at the beginning and at the end of the academic year. Our hypothesis was that mortality would not differ but that those complications that were preventable would be more likely to occur during the early part of the academic year.
METHODS
After institutional review board's review, the trauma registry at the Los Angeles County ϩ University of Southern California Medical center was retrospectively reviewed to identify all injured patients admitted over a 5-year period ending in December 2006. For the study period, demographic and clinical injury data including age, gender, mechanism of injury, systolic blood pressure on admission, initial Glasgow Coma Scale (GCS) and Injury Severity Score (ISS), hospital and intensive care unit (ICU) length of stay, and outcomes were abstracted. Complications are captured independently by the clinical resident housestaff on a daily basis and by a team of trained trauma registry nurses.
Each complication is verified by the attending trauma surgeon, and all complications are reviewed at a weekly Morbidity and Mortality conference, mandatory for all attending surgeons, fellows, and residents in the Division of Trauma Surgery and Surgical Critical Care, and those from services directly involved in each complication including neurosurgery, orthopedics, anesthesia, emergency medicine, and radiology. Each complication is reviewed in detail and is classified by consensus according to preventability. The root causes of the complication, outcomes, and the loop closure mechanisms are documented.
All these Morbidity and Mortality reports for the study period were reviewed to extract deaths and any complications classified as preventable or potentially preventable. Each was analyzed as a discrete event, and for each, the circumstances surrounding the complication, management, and outcomes were retrieved from individual chart review and entered into an electronic spreadsheet using Microsoft Excel (Microsoft Corp, Redmond, WA). This is a high volume, academic Level I trauma center with in-house attending trauma surgeon coverage 24-hours a day. There is an ICU fellow assigned to the surgical intensive care unit at all times and one of three trauma teams including a senior and junior level resident, intern and three medical students, and a physician assistant are available in-house at all times. The major changeover time for new housestaff is the first of July each year. New fellows, senior and junior residents, interns, and medical students all present to the trauma service in their new roles. To determine whether this changeover of housestaff impacted patient outcomes during the study period, patients admitted in the first 2 months (July to August) of the academic year were compared with those treated at the end of the academic year (May to June). Baseline clinical and demographic characteristics were compared, and the rates of preventable and potentially preventable deaths and complications were determined for each of these groups.
Continuous variables were compared using the Student's t test for normally distributed variables and the MannWhitney U test for non-normally distributed variables. The 2 or Fisher's exact test was used to compare categorical variables. The primary outcome measures were overall mortality and incidence of preventable complications. Crude differences in mortality and preventable complications were assessed using the 2 test. To adjust for potential confounders, all factors that were different between the two study groups at p Ͻ 0.2 were entered into a multiple logistic regression analysis and the adjusted odds ratio (AOR) and confidence interval (CI) for mortality and preventable complications were derived.
RESULTS
During the 5-year study period, 24,302 injured patients were admitted to the Los Angeles County ϩ University of Southern California Medical Center. Of these, 8,151 were admitted during the period from May to August with 4,030 (49.4%) at the beginning of the academic year (July to August) and 4,121 (50.6%) at the end of the academic year (May to June). Overall, the average age of these patients was 35.1 Ϯ 17.7 years, 77% were men with an ISS of 8.4 Ϯ 9.7 and 24.2% penetrating injury rate. During the study period, there were no changes made to the trauma team structure, resident complement, or criteria for activation of the trauma team. Twenty-four hours a day, there is in-house coverage by an attending trauma surgeon, a senior level (postgraduate year-4 or 5), junior level (postgraduate year-2), and an intern level resident. All these trainees have an academic year that begins in July so that the interns taking care of the patients in July to August, for example, would have been medical students just before starting internship, whereas the interns on that same service in May to June would have had at least 10 months of experience in performing their duties.
Overall, the patients cared for at the beginning of the academic year were more likely to be hypotensive on admission (5.4% vs. 3.9%, p ϭ 0.002), have a higher ISS (ISS Ͼ15 in 16.3% vs. 14.6%, p ϭ 0.035), and more often had a GCS score of Յ8 (9.1% vs. 6.7%, p Ͻ 0.001) ( Table 1) .
When examining mortality, the unadjusted OR for death demonstrated a significantly increased mortality for patients admitted at the beginning of the academic year when compared with the end (6.5% vs. 4.6%, OR [95% CI]: Table 2 ). After multivariable analysis to adjust for confounders including gender, mechanism, hypotension, depressed GCS at admission, and ISS, the difference in mortality was no longer significant (AOR [95% CI]: 1.1 [0.8, 1.5], p ϭ 0.52) ( Table 3) .
The overall incidence of preventable and potentially preventable complications was 0.8%. When compared with those taken care of at the end of the year, patients treated for their injuries at the beginning of the academic year had a significantly higher rate of preventable and potentially preventable complications (1.1% vs. 0.6%, OR [95% CI]: 1.9 [1.2, 3.2], p ϭ 0.008). After multivariable analysis to adjust for confounders, the risk of Table 3 ). There was a wide spectrum of preventable complications. The most common complications consisted primarily of technical errors in the operating room, missed injuries, unintended extubations, and intravascular catheterrelated complications (Table 4) .
DISCUSSION
At academic teaching centers, each July, a new set of interns and residents begin the next phase of their training. Over the subsequent 12 months, they work toward mastering a new set of responsibilities that require judgment, new decision making skills for new situations, and a new set of technical skills. These are applied directly to the care of patients during the learning process and in many academic centers, a significant amount of patient care is provided by the resident housestaff without direct supervision. The "July Phenomenon" refers to the potential for errors to occur, resulting in adverse patient outcomes, as a direct result of the inexperience of the incoming housestaff at the beginning of the academic year. This is a contentious issue as there is conflicting data to support that this actually occurs. In the obstetrical literature, studies looking at the "July Phenomenon" have not found a difference for example in outcomes for deliveries. 1, 2 In the analysis by Ford et al., 2 July deliveries were compared with the rest of the year using the National Inpatient Sample. Only overall complications were examined, however, and preventable errors in particular were not screened. In addition, no comparison between outcomes at the extremes of the academic year was performed where the difference in the experience of the housestaff would be maximized. In another study, deliveries were examined by half year and quarter, and again, did not show a difference using the blunt endpoint of overall complications. 1 Finkielman et al. and Barry et al. 3, 4 independently examined ICU outcomes in July compared against the remainder of the year. They also only examined mortality and did not show a difference. In a small study of the practices of two pediatric surgeons, 5 no difference in errors were found between June and July. Similar conclusions were drawn for neurosurgery patients treated at teaching hospitals, 6, 7 although shunt survival, and complications such as infections and wound dehiscence were higher at the beginning of the year. 7 Specifically, in trauma patients, July to August admissions were compared against April to May; however, only mortality was examined and was found not to be different. 8 Recently, a large scale multiinstitutional study using the data collected under stringent conditions for the National Surgical Quality Improvement Program Patient Safety in Surgery Study Database 9 looked at the 30-day mortality and morbidity data for early in the academic year (July to August) when compared with later (April to June). An 18% higher risk of postoperative morbidity (OR 1.18, 95% CI: 1.07, 1.29, p ϭ In designing this study for trauma outcomes, to accentuate any differences in the experience of the resident housestaff, the very beginning and the end of the academic training year were selected for comparison. In addition, although mortality was examined, our focus was complications, in particular those that were preventable as it was hypothesized that due to the presence of attending surgeons for clinical scenerios that may result in death, the impact of resident inexperience would be minimized if only deaths were examined.
As is expected for most major trauma centers in the United States, the cohort of patients treated at the beginning of the academic year was of higher acuity as reflected by surrogate markers of injury severity such as admission GCS, systolic blood pressure, and ISS, when compared with those injured at the end of the academic year. This resulted in a higher crude rate of mortality at the beginning of the academic year; however, after correcting for the injury burden, there was no significant difference in mortality. A recent study from our group looked at the causes of preventable deaths in trauma patients 10 and demonstrated that these were most often due to bleeding, multiple organ dysfunction syndrome and cardiorespiratory arrest. These are clinical situations where it would be expected that the attending surgeon would be present whether it occurs at the beginning or at the end of the academic year, and therefore, the impact of the new housestaff's inexperience should have been minimized. However, for complications, a separate analysis 11 of the errors leading to preventable or potentially preventable complications at an academic trauma center demonstrated that the preventable errors primarily involved technical skills, judgment errors resulting in delays in diagnosis or treatment, and those affecting the management of relatively less acute surgical issues, such as catheters, drains, and tubes, the majority of which are managed by the housestaff alone. However, these preventable complications are not benign and are in fact a significant source of morbidity. In our previous study, during the 8-year study period, the complication rate remained constant at 1% of all patients. Of the overall complications, approximately 8% were potentially preventable and 7% frankly preventable. These were highly clinically relevant as 64% resulted in a change in management including laparotomies, vascular interventions, reintubations, and chest tube insertions. In this study, a significant increase in preventable and potentially preventable complications was seen at the beginning of the academic year, when compared with the end. This spike in preventable complications is important as this is a high-yield target area for preventative strategies, which may include initiatives such as increased staffing or a heightened level of attending supervision whenever personnel changeovers occur in an attempt to improve the quality of the care provided.
Although the number of preventable complications was too small to allow effective analysis of the exact root causes that contributed to the increased error rate at the beginning of the year, it was interesting to note that the rate of technical errors, the most common complication, was actually lower at the beginning of the academic year. One potential explanation for this is that at the beginning of the year, with new housestaff present, there may be a heightened level of intraoperative attending surgeon oversight. This would be expected to decrease the error rate, when compared with the end of the academic year where residents are allowed more operative autonomy. Prospective analysis should be focused on determining the exact causes of any increased complications in July, so that effective preventative measures can be instituted.
Because of the retrospective nature of this study design, there are several limitations to this study. The classification of the complications was subjective. Although a panel review was used to classify each error through consensus, it is possible that there was a misclassification of errors. It is also possible that some complications were missed, especially those that were minor. With the redundant system of capture in place with both the registry nursing staff and the clinical team independently collecting errors, this is unlikely. Complications may also have been underestimated if they occurred after discharge, and the patient did not follow-up at our center. However, all these should have impacted all months of the year equally.
CONCLUSION
At an academic Level I trauma center, admission at the beginning of the academic year was associated with an increased risk of errors resulting in preventable and potentially preventable complications; however, these errors did not impact mortality. Specific errors associated with this increased rate of preventable complications warrant further investigation.
